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Description 

The present invention relates to a method for the 
digital electronic measurement of periodically varying 
electrical quantities, and to an instrument for its imple- 
mentation. 

EP-A-0 462 045, from which the preamble of claim 
1 has been derived, discloses a method and apparatus 
for the digital electronic measurement of periodic elec- 
trical quantities in an electronic circuit. 

In particular, in claim 1 of this document there is dis- 
closed an apparatus for monitoring an electrical power 
supply having first and second electrical parameters ex- 
hibiting given relative cycle phase relationship compris- 
ing; 

scaling means connectable with said supply for de- 
riving first and second electrical parameter signals 
for corresponding cycles of said supply having a 
post scaling relative cycle phase relationship; 
a cycle phase shift network responsive to a select 
said electrical parameter signal and controllable for 
aligning said post scaling relative cycle phase rela- 
tionship to a correspondence with said given rela- 
tive cycle phase relationship to provide first and 
second cycle phase corrected electrical parameter 
signals; 

a sampling network actuable for sampling the am- 
plitudes of said first and second phase corrected 
electrical parameter signals and deriving corre- 
sponding first and second digital sample signals; 
and 

control means for controlling said cycle phase shift 
network, for actuating said selector means within 
predetermined regular sampling intervals to derive 
said first and second digital sample signals for ef- 
fecting select arithmetic treatment of said first and 
second digital sample signals to derive digital power 
quantity signals, and for selective accumulating 
said digital power quantity signals to derive pulse 
categorized meter output signals. 

In an electronic circuit connected to an a.c. power 
supply, many electrical quantities of a periodic nature, i. 
e. variable over time, can be measured by applying 
known electrotechnical principles. 

Such quantities can be grouped into two distinct cat- 
egories, identifiable according to the manner in which 
measurement is possible. Quantities belonging to a first 
category, or primary quantities, namely voltage and cur- 
rent, can be measured directly by means of suitable in- 
struments. Those belonging to a second category, or 
secondary quantities, including types of power, and 
power factor, are quantities of which the values are de- 
duced by way of mathematical processing operations 
performed on measured voltage and current values. It 
is therefore clear that both voltage and current must be 
measured in any event. 



Conventionally, there are two principal methods of 
measuring primary periodic electrical quantities, i.e. 
voltage and current. In the first such method, which can 
be utilized with reasonable confidence only under labo- 
5 ratory conditions, the peak or crest value, that is to say 
the maximum value assumed by the monitored quantity 
within the measured period, is converted into an equiv- 
alent direct voltage and this same equivalent direct volt- 
age then measured. 
10 The second method, which is a sampling proce- 
dure, consists rather in effecting a selected number of 
measurements, or samples, of the monitored quantity 
and assuming the effective (r.m.s.) value as the meas- 
ured value. The theoretical formula allowing calculation 
*5 of the effective value of a periodic quantity having period 
T states that the value of the periodic quantity equals 
the square root of the integral from zero to period T of 
the squared value of the quantity, multiplied by dt. The 
practical formula, used in place of the theoretical for the 
purposes of calculation, states that the value of the pe- 
riodic quantity equals the square root of the squares of 
single values of the quantity from 1 to n summated and 
divided by n, where n is the number of samples. 

The first method is especially simple and can be im- 
plemented with similarly simple instruments, but is of 
limited practical use, being dependable only as long as 
the quantity to be measured is perfectly sinusoidal, 
hence, as aforementioned, in laboratory conditions 
where all potential sources of error can be monitored 
and eliminated. 

It happens in the majority of instances, however, 
that the waveform of the measured quantities will be dis- 
torted due to the presence of harmonics, and any value 
that can be measured will be equal to the sum of differ- 
ent waveforms registering at a given moment; accord- 
ingly, only the second method, based on sampling, can 
ensure valid results. 

Concentrating exclusively on the sampling method, 
the value obtainable becomes that much more precise 
and dependable as the sampling frequency increases, 
as the summation tends to produce results more and 
more comparable with those of the integral in the theo- 
retical mathematical formula. 

The method in question is implemented typically by 
means of a circuit which comprises, in sequence, a dif- 
ferential amplifier, a sample-and-hold device, an ana- 
log-digital converter and a microprocessor. 

The signal reflecting the quantity to be measured is 
received by the amplifier and relayed, suitably amplified 
and with any disturbances filtered out, on to the sample- 
and-hold device, the function of which is to store the sig- 
nals in analog form for a prescribed duration before sup- 
plying them to the input of the ADC. This converts each 
signal into a number and relays the number to the mi- 
croprocessor, which memorizes all the values received 
and effects the necessary calculations. In addition, the 
power supply to the measuring circuit needs to be both 
positive and negative, as the quantity measured is gen- 
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erally periodic and will therefore vary between positive 
and negative values. 

The selfsame circuit, suitably modified by the addi- 
tion of various components, can be utilized to measure 
the active power of the monitored circuit. 

Such a measurement is effected by taking voltage 
and current samples simultaneously and multiplying to- 
gether the resulting values. The formula used in the sub- 
sequent calculation states that active power is equal to 
the sum of the products, from 1 to n, obtained by multi- 
plication of the voltage value with the corresponding cur- 
rent value, divided by n, where n is the number of sam- 
ples. This practical formula is similarly valid for the cal- 
culation of reactive power, provided that current and 
voltage values are sampled 90° apart. The measuring 
circuit thus requires two operational amplifiers and two 
relative sample-and-hold circuits connected to the in- 
puts of a multiplexer, of which the output stage is con- 
nected to an input of the ADC, the output of the ADC 
being connected in turn to an input of the microproces- 
sor. The multiplexer first receives one signal, voltage for 
example, which is duly relayed to the ADC, and there- 
after a second signal, current in this instance, likewise 
passed on to the ADC. 

The microprocessor therefore receives two num- 
bers in succession, which it multiplies together. As the 
analog-digital conversion takes a certain amount of 
time, the two sample-and-hold circuits will retain the sig- 
nal received from the relative amplifier for a duration at 
least equivalent to the period of time required by the 
ADC to perform the operation. 

The dynamic characteristic of the measuring circuit 
is optimized by adding a variable gain amplifier between 
each of the operational amplifiers and the relative sam- 
ple-and-hold circuit, controlled by the microprocessor 
and functioning as a scale changer. 

Evidently, a measuring circuit of this nature is ren- 
dered somewhat costly by reason of the numerous com- 
ponents it comprises, and of the characteristics each 
such component must possess in order to ensure that 
its task is performed correctly: for example, the need for 
the various components to be connected to a power 
source with both positive and negative polarity in order 
to respond correctly to a signal which varies between 
positive and negative values. 

Also, the operation of the scale-changing variable 
gain amplifiers is such as to alter the operating con- 
stants of the circuit overall, since in practice the single 
amplifier will be composed of a number of circuits cou- 
pled in parallel, furnished with a resistor and a relative 
static switch. Each static switch functions as a variable 
resistor responding to temperature, and the gain of the 
amplifier is modified not only varying the number of cir- 
cuits connected in parallel, through which current flows 
simultaneously, but more especially by shutting off one 
circuit rather than another. This means that a variation 
in resistance occasions an accompanying change in 
compensation, as the reference or offset values are also 



altered. What is more, the variable gain amplifiers need 
to be of superior quality, a feature dictating high cost, 
precisely in order to ensure effectiveness within a wide 
operating range compassing each of the single ranges 
s relative to the individual scales in which measurements 
are to be possible. 

It will be clear from the foregoing that electronic in- 
struments currently available for the measurement of 
electrical quantities are typified by high cost, and that 
10 the cost rises disproportionately with any increase in 
performance and in the required level of precision, by 
reason of the need to add further elements or devices 
which in turn dictate the need for further corrections. In 
a three-phase circuit, for example, reactive power is 
'5 measured by sensing voltage linked across two phases 
and current on the remaining phase. In single-phase cir- 
cuits, on the other hand, use is made of analog devices 
which in order to give an acceptable level of precision 
must necessarily involve an appreciable cost. 
20 in addition, again considering the calculation of re- 
active power and utilizing the digital sampling method 
with processing by the formula which states that the val- 
ue of reactive power is equal to the square root of the 
product given by multiplication of the voltage and the 
25 current, sampled in phase and squared, subtracting the 
squared value of the active power also sampled in 
phase, one quadrant only of the waveform can be cov- 
ered, so that the mathematical sign of the reactive power 
remains unobtainable and it cannot be established 
30 whether the monitored circuit is capacitive or inductive. 
The object of the present invention is to provide a 
method for the measurement of periodic electrical quan- 
tities, and an electronic instrument for its implementa- 
tion, which will afford notable economies of construction 
35 while losing nothing in accuracy. 

The invention will now be described in detail, by way 
of example, with the aid of the accompanying drawings, 
in which: 

40 - fig 1 is the electrical diagram of an instrument for 
measuring electrical quantities according to the in- 
vention, shown in a simple embodiment; 
fig 2 is an electrical diagram indicating a more com- 
plete embodiment of the measuring instrument as 
45 in fig 1 ; 

fig 3 shows the graph of an electrical quantity mod- 
ified by the instruments of figs 1 and 2; 
fig 4 is a graph showing the waveform of current or 
voltage generated at 50 Hz, obtainable with an in- 
50 strument as in fig 1 or 2; 

figs 5 and 6 are graphs showing the waveforms of 
current or voltage generated at 50 Hz and 60 Hz, 
respectively, obtainable with an instrument as in fig 
1 or 2 over a complete measuring period; 
55 - ' fig 7 is a graph drawn on larger scale and showing 
how voltage and current values are sampled using 
an instrument as in fig 1 or 2; 
fig 8 shows two graphs illustrating the effective val- 
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ues respectively of voltage and current in phase and 
of voltage and current 90° apart, suitable for use in 
calculating active power and reactive power, obtain- 
able with an instrument as in fig 1 or 2; 
fig 9 is a flowchart illustrating the operation of an 
instrument as in fig 1 or fig 2. 

The method to which the present invention relates 
is based on the conventional technique of sampling, and 
allows the digital electronic measurement of periodic 
electrical quantities in an electronic circuit employing an 
instrument of notably simple circuitry; in the method dis- 
closed, the values of electric current and voltage, or 
viceversa, are sensed by introducing a predetermined 
and preset delay or phase shift At as indicated in fig 7, 
in which Vj and lj denote the values of input voltage and 
input current, respectively, or in any event the values 
registering at the terminals 3 of the monitored circuit. 

Likewise according to the method of the invention, 
the phase shift of 90° between current and voltage, in- 
duced to allow the calculation of reactive power, is ef- 
fected following the step in which the analog values are 
converted to digital, and obtained by storing the values 
in a dedicated memory circuit for a period of time equal 
to that required by the waveform of the shifted periodic 
quantity to cover the 90°. More exactly, each digital cur- 
rent value is memorized in a storage device having a 
number of locations equivalent to the number of sam- 
ples it is intended to effect for each quarter of the current 
waveform, as will become clear in due course. 

Finally, where an operational amplifier is employed 
in sampling voltage and current values, the method also 
includes the step of generating an arbitrary reference 
internally of the amplifier, of which the effect is to render 
all input values positive and thus allow the use of an 
analog-digital converter designed to handle positive an- 
alog values only. By virtue of this expedient, the opera- 
tional amplifier can be driven utilizing a power source of 
positive polarity only. 

For a fuller appreciation of the potential afforded by 
the method disclosed, a preferred instrument for its im- 
plementation will now be described in detail with refer- 
ence to the accompanying drawings. 

The measuring instrument according to the present 
invention, denoted 1 in its entirety, essentially comprises 
an operational amplifier 2 and a data processing unit 4. 
Fig 1 shows the instrument 1 in a simple embodiment, 
whereas fig 2 illustrates a more complete version of the 
arrangement in fig 1. 

Reference is made throughout the specification to 
the second of these two embodiments, purely by way of 
example. 

The data processing unit 4 comprises a plurality of 
mutually integrated components shown schematically 
as discrete blocks in figs 1 and 2 so as to give a clear 
indication of the various operations the unit will be able 
to perform. The components in question comprise a 
switch 5, a sample-and-hold circuit 6, an analog-digital 



converter or ADC 7, a memory 8, a shift register 9, a 
software-programmable control unit 10, also a data 
transmission device 11 and a timer 13. 

The switch 5 is an electronic device able to direct 

5 signals from different sources to a single user. In the par- 
ticular example of fig 2, the inputs of the switch 5 are 
connected to the outputs of a number of operational am- 
plifiers 2, or of one multiple operational amplifier con- 
sisting structurally or functionally in a plurality of single 

to operational amplifiers. In this instance the switch 5 will 
be operated by the control unit 1 0 and is capable of sup- 
plying an output consisting in the signal from just one of 
the operational amplifiers 2. The shift register 9 consti- 
tutes a part of the memory 8, and is operated by the 

*s control unit 1 0 as a separate device by which a prede- 
termined number of digital values can be memorized, 
one after another, then discarded from their allocated 
memory locations and restored in sequence.from first to 
last: in short, the shift register 9 operates on the principle 

so of first-in-first-out, or FIFO. The data transmission de- 
vice 11 permits of connecting the data processing unit 
4 to a further device, for example a computer which 
might perform further processing operations on the re- 
ceived data, in this case the exact values of the various 

25 measurements. The data transmission device 11 might 
be capable of transmitting data bidirectionally, so as to 
allow of programming the control unit 10 from an exter- 
nal computer utilizing suitable software. Normally, at all 
events, the data transmission device 11 will be connect- 

30 ed to the memory 8, as illustrated in figs 1 and 2, from 
which it receives the stored values in the mode and with 
the timing established by whatever unit may be connect- 
ed to the data transmission device 11 . 

The operational amplifiers 2 are associated with a 

35 circuit 1 2 of which the function is to generate a constant 
and well defined voltage V r applied to the input stage of 
each one and serving as a reference value. The opera- 
tional amplifiers 2 shown in fig 2 are all different one from 
another, inasmuch as the gain of each amplifier is set to 

40 ensure its precise operation within a respective and ex- 
actly defined range or scale of values. Fig 2 illustrates 
five such operational amplifiers 2 of which the first two 
uppermost in the diagram are used to sense the value 
of the voltage at the terminals 3, or input vottage V j( 

45 whilst the three remaining amplifiers below serve to 
sense the value of current at the terminals 3, or input 
current lj. The outputs of all five operational amplifiers 2 
are connected to respective inputs of the switch 5, which 
in turn will supply the sample-and-hold circuit 6 with one 

so only of the signals received from the operational ampli- 
fiers 2, as determined by a command from the control 
unit 10. 

The function of the sample-and-hold circuit 6 is to 
store the signal received from the switch 5 for the period 
55 of time required by the ADC 7 to convert the received 
signal to a number, which is transmitted to the control 
unit 10. 

The timer 1 3 clocks the interval and informs the con- 
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trol unit 10 of the exact instant in which the instrument 
1 is to respond; in short, the timer 1 3 gives the sampling 
frequency, in that it indicates the number of acquisitions 
of voltage and current values made per unit of time dur- 
ing the measuring operation. 

Observing the instrument of fig 2 and the flowchart 
of fig 9, the operation of the instrument 1 will now be 
described, to the end of allowing a fuller appreciation 
both of the instrument itself and of the method disclosed. 
Each block of the flowchart is denoted by a single capital 
letter, with the exception of the first and the last, and it 
is to these letters that reference is made. 

As soon as power is supplied to the instrument 1, 
the timer 1 3 begins clocking, and provides the control 
unit 10 with pulses or signals indicating the start of a 
sensing or sampling cycle. To allow the measurement 
of periodic electrical quantities in the alternating cur- 
rents most widely utilized, the instrument effects a 
number n of samples per unit of time such as will pro- 
duce a whole number of waveforms for the measured 
periodic quantity within the clocked period. With regard 
in particular to those electrical quantities having 50 Hz 
and 60 Hz frequency respectively, to which reference is 
made in the specification strictly by way of example, val- 
ues are sampled over an interval of 100 ms in such a 
way that a whole number of waveforms can be obtained 
both from a 50 Hz and from a 60 Hz source. 

Thus, five whole waveforms will be obtained from 
current and voltage at 50 Hz (see fig 5) and six whole 
waveforms from current and voltage at 60 Hz (see fig 
6). The measuring period is set at 100 ms, as this is a 
multiple of the period of one waveform (the period being 
the time taken by the electrical quantity under scrutiny 
to return to a given value) whether generated at a fre- 
quency of 50 or of 60 Hz. 

In addition, the number n of samples selected will 
be a number divisible both by 4 and by the whole number 
of waveforms occurring in the chosen period, namely 
100 ms in the case in point. For 50 Hz and 60 Hz fre- 
quencies, the number might be n=240, thus giving 48 
samples per waveform in the case of 50 Hz and 40 sam- 
ples in the case of 60 Hz. The number 240 is also divis- 
ible by 4, for a reason that will be made clear in due 
course. The first step executed by the control unit 10 is 
that of configuring the switch 5 to establish which two of 
the operational amplifiers 2, one for voltage and one for 
current, will supply source values to the data processing 
unit 4. This selection of operational amplifiers 2 is made 
on the basis of the values of voltage and current sensed 
during the previous measurement and stored in the 
memory 8, or through the intention of a lower gain am- 
plifier 2. The enabling of one operational amplifier 2 rath- 
er than another is a step executed automatically by the 
control unit 1 0 after each sampling operation, on the ba- 
sis of the monitored values and of the calculations per- 
formed. 

If the control unit 1 0 finds that the value of the output 
from the enabled operational amplifier 2 is less than 



25% approximately of its full scale, the switch 5 will be 
made to connect to a higher gain amplifier 2; conversely, 
if the measured value is more than 10% approximately 
of the full scale, the switch 5 will be piloted to select an 
5 operational amplifier 2 of-lower gain: in neither instance 
will any manual intervention be involved. At the same 
time, the circuit denoted 12 generates a reference volt- 
age V r at the input of all the operational amplifiers 2, as 
illustrated in fig 1 and fig 2. 
io The value of V r will be equivalent to approximately 
half the reference voltage of the ADC 7, and in addition, 
the input signal is adjusted in such a way as to regulate 
the amplitude at a peak-to-peak value equivalent to 
some 20% less than the dynamic range of the analog- 
digital conversion circuit. In other words, on the basis of 
calculations effected by the control unit 1 0 in the course 
of a typical measuring operation, the system responds 
during the successive operation in such a way as to en- 
sure that the peak-to-peak value measured will remain 
between 25% and 80% of the maximum value that can 
be measured by the ADC 7, as discernible in fig 3. 

In this way, the signals transmitted to the input of 
the ADC 7 will be entirely positive, as shown in fig 3, and 
the waveform "displaced" upwards by the reference 
voltage V r . At power-up, the instrument 1 will assume 
default reference values; in the case of the reference 
voltage applied to each of the operational amplifiers 2, 
for example, this will be equal to the voltage V r gener- 
ated at the input of the amplifier 2. 

A further operation effected by the control unit 10 
before commencing the first measurement is that of de- 
termining the capacity of the shift register 9, i.e. defining 
the number of memory locations to be compassed by 
the shift register 9 in such a way as to contain one quar- 
ter of the samples that can be taken during one complete 
waveform of the current, or in effect to allow of storing 
the values sampled over one quarter period. In the case 
of the example mentioned previously, that is, 240 sam- 
ples over a period of 100 ms duration, the samples per 
period of current or voltage will be 40 or 48 in number, 
according to the frequency. The number of usable loca- 
tions afforded by the shift register 9 must therefore be 
10 or 12, respectively. At the moment in which a pulse 
is generated by the timer 13 to signal the start of the 
sampling cycle, the control unit 10 enables the switch 5 
to connect one of the voltage-sampling operational am- 
plifiers 2 with the sample-and-hold circuit 6 (block A). 

The ADC 7 proceeds to convert the analog voltage 
Vj received by way of the operational amplifier 2 and the 
sample-and-hold circuit 6, and having completed the 
conversion, relays the result to the control unit 10; the 
digital, or numerical voltage value V d is then entered in 
a first location of the memory 8 by the control unit 10, 
which pilots the switch 5 to connect the enabled current- 
sampling operational amplifier 2 with the sample-and- 
hold circuit 6. The ADC 7 now converts the sampled cur- 
rent signal lj to a corresponding digital value l d , and hav- 
ing made the conversion, transmits the result to the con- 
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trol unit 10, which stores the digital current value l d in a 
second location of the memory 8 and then waits for a 
new pulse from the timer 1 3 marking the start of a new 
sampling cycle. In practice, the end of one sampling cy- 
cle and the start of another can be almost simultaneous, 
the effect being to maximize the number of samples. It 
will be observed that the conversion of the current value 
begins after that of the voltage value, following a delay 
or phase shift At which is both known and determinable 
(see fig 7). The phase shift At in question is a known 
dimensional quantity, consisting in the sum of two con- 
secutive periods of time denoted A^ and At 2 , where A^ 
is the measured and constantly repeated interval of time 
required by the ADC 7 to convert the voltage sample, 
and At 2 is the time, likewise measured and constant, tak- 
en by the control unit 10 to perform a predetermined and 
constantly repeated number of operations, which in- 
volve entering the digital voltage value V d in the respec- 
tive location of the memory 8 and piloting the switch 5. 
Whilst the effect of the phase shift At is in practice to 
introduce an error, the error is a known quantity and 
therefore easily compensated and corrected. 

Following the acquisition or memorization of the 
digital voltage and current values V d and l d , these values 
are taken and processed singly: block B of the flowchart 
denotes the operation of multiplying by 256 to give 1 6-bit 
values, the significance of which is well known to a per- 
son skilled in the art, followed by summation with those 
stored previously to allow calculation of the updated ref- 
erence value for the operational amplifier 2. 

In operation, each digital sample value, whether 
voltage V d or current l d , is multiplied by 256 and con- 
verted into a 16-bit number. This number is then added 
to the sum of the previous samples processed in the 
same way, and the resulting value stored in a respective 
location of the memory 8 which holds the updated result 
of the summation; the mean value of the 1 6-bit numbers 
held in the various locations is then used as the refer- 
ence or offset value. The reason for using a mean value 
as the reference or offset value derives from the fact that 
a periodic quantity such as voltage and current, unless- 
modified as shown in fig 3, has a mean value of zero; 
accordingly, the reference or offset value for the opera- 
tional amplifier 2 is obtained by measuring the mean val- 
ue of the digital values sampled. This mean value is also 
equal to the sum of the programmed reference value V r 
plus the offset value as specified for the operational am- 
plifier 2 (the intrinsic offset). This means that, even if the 
operational amplifier 2 utilized is of modest quality with 
a relatively high specified offset value, the measurement 
obtained will nonetheless be notably precise since the 
offset value is measured and discounted continually. Ac- 
cordingly, after each digital value V d and l d has been 
multiplied by 256, the offset value of the operational am- 
plifier 2 is subtracted. Thus, one obtains a 1 6-bit number 
with the relative sign. The two bytes of each digital volt- 
age and current value are shifted in such a way as to 
obtain an 8-bit number with the relative sign and thereby 



ensure greater precision, the resulting digital voltage 
and current values V d and l d being compensated. Fur- 
ther attention may be given to this aspect of the method 
before proceeding, in order to illustrate how with simple 

5 mathematical operations performed by the data 
processing unit 4 it becomes possible to obtain precise 
measurements, even with operational amplifiers 2 of un- 
remarkable quality. 

Each sample, an 8-bit number, is multiplied by 256 

JO and converted into a 1 6-bit number. This number is then 
added to the other 16-bit numbers memorized previous- 
ly, whereupon the 1 6-bit offset value, measured and cal- 
culated during the previous cycle, is subtracted from the 
number obtained by multiplication of the digital voltage 

J5 value (V d x 256). The number obtained, still a 16-bit 
number, contains a sign and 6 or 7 bits in the most sig- 
nificant byte (8 bits). The fact that the number has a sign, 
positive or negative, can be discerned by observing fig 
3 and considering the horizontal straight line passing 

20 through the value denoted V r as representing the V ax- 
is. As concerning errors, the following observation may 
be made: where use is made of an analog-digital con- 
verter for the purpose of effecting measurements, it has 
to be remembered that such a device occasions an el- 

25 ement of error generally proportional to its own number 
of bits. 

For example, an 8-bit converter has a typical error 
of plus or minus one bit, equivalent thus to 0,5% of the 
full scale. If the quantity to be measured is a quantity 

30 varying cyclically over time, as in the case of the disclo- 
sure, it can be demonstrated that, applying the effective 
value formula in the sampling method described above, 
the ultimate error in the measurement is reduced by a 
factor equal to the square root of the number of samples 

35 effected. 

This being the case, the subtraction of an 8-bit 
number gives place to a systematic error that is not com- 
pensated in the procedure described above. 

Accordingly, the step of subtracting the reference or 

40 offset value of the operational amplifier 2 is made a 
16-bit operation in such a way as to reduce the system- 
atic error introduced, by 1/256. The end result is con- 
verted back to 8 bits plus sign and rounded up to 1/2 bit, 
in such a way as allows the successive operations using 

45 8-bit mathematics to be performed at high speed and 
without introducing any systematic error. 

The digital value is memorized and utilized in the 
form of an 8-bit number in order to reduce both the 
amount of memory needed and the time necessary for 

50 calculation, since the use of a 16-bit number would re- 
quire a more powerful data processing unit 4 and in- 
crease the calculation time not twofold, but in fact four- 
fold over that needed for an 8-bit number. 

The use of a 16-bit offset value also permits of elim- 

55 inating one product in calculating each sample. 

If the resulting corrected digital value is \ rv relative 
to the current, this is memorized in the shift register 9, 
and more precisely in the first free location of the shift 
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register 9, and will be processed no further. Both digital 
values V-^ and are squared, then added to the corre- 
sponding results of previous sums, the results being 
read in respective storage locations of the memory 8, 
and the updated sums then saved in the same locations. 

The digital voltage and current values and l^are 
multiplied together and the result is added to the result 
of the sum of the corresponding previous products. The 
final result of the sum is saved in a respective location 
of the memory 8. This product and the relative sum are 
used in the calculation of active power P 1 as will be de- 
scribed in due course. 

The digital voltage value V 1f is multiplied by the val- 
ue l 90 j memorized first in sequence in the shift register 
9, and the resulting product is added to the sum of the 
corresponding products, whereupon the final result of 
the addition is memorized in a respective location of the 
memory 8. Given that the value saved first in the shift 
register 9 refers to ten or twelve operations beforehand 
(the example, it will be remembered, allows for 50 Hz 
and 60 Hz frequencies alike), the digital voltage value 
V d is multiplied by the digital current value l 90i phase 
shifted 90° from the voltage value V d in question. 

The resulting product and the sum of such products 
are then used in the calculation of reactive power. 

Naturally, the digital current value l^ supplied by 
the shift register 9 is then discarded to allow the mem- 
orization of a new digital current value, posterior to those 
remaining. In simplistic terms, considering the various 
values as if lined up one behind the other, each opera- 
tion consists in the last value being extracted and the 
remainder moved back one place so as to vacate the 
first position, this being the position in which the most 
recent value sampled and calculated is always memo- 
rized. 

The calculations relative to each sample are thus 
complete, and the procedure, both of measuring the 
voltage and current values and of performing the relative 
calculations, will be repeated n times (block C, fig 9). In 
the particular case in point, the calculations continue to 
be repeated until such time as 240 samples have been 
counted, whatever the frequency of the voltage and cur- 
rent (50 or 60 Hz). 

Once all the n samples are available, the control 
unit 10 will proceed to execute those calculations re- 
quired to obtain the values of the primary and secondary 
electrical quantities relative to the electronic circuit from 
which the signals are taken at the terminals 3. These 
operations (block D) are performed with the aid of soft- 
ware by the control unit 1 0, which processes the various 
values stored in determined locations of the memory 8 
and applies additional correction values stored similarly 
in other locations of the memory 8. The execution of 
these calculations is especially fast, depending purely 
on the speed of the data processing unit 4, and is en- 
trusted to a single element characterized by low cost 
though lacking nothing in precision; in effect, the data 
processing unit 4 will consist in just such an element. 



First to be calculated are the measured voltage and cur- 
rent values, using the same formula, that is to say, in 
which the measured voltage value V-, RMS and the meas- 
ured current value I-irms are eacn ©°.ual t0 lhe square 
5 root of the sum of the squares of the respective digital 
values V 1S and l 1if divided by the number of samples, 
say 240. 

In the case of active power P 1( this equals the sum 
of the products obtained by multiplication of the single 
10 digital voltage values and the relative digital current 
values l lj( divided by the number of samples. Apparent 
power S lP on the other hand, is equal to the product ob- 
tained when multiplying together the measured voltage 
Vi rms ap d measured current I-, RMS , whilst reactive pow- 
15 er equals the square root of the difference between 
the squares of apparent power St and active power P v 
Measured reactive power Q 1m equals the sum of the 
products given by multiplying the single digital voltage 
values V-,j and phase-shifted current values l 90i , divided 
20 by the number of samples. The last of the electrical 
quantities measured is power factor PF, which equals 
the ratio between active power and apparent power 
S v At this point, again utilizing software, the control unit 
10 proceeds to correct, or rather compensate the active 
25 power and measured reactive power values P 1 and Q A m 
on the basis of the phase shift At introduced when meas- 
uring the voltage and current values and l^ (blocks 
E and F). Before the compensation is applied, a check 
is run to verify the sign of the measured reactive power 
30 Q 1 m . it will be observed that the ability of the instrument 
1 disclosed to verify the sign of the measured reactive 
power Q 1m is attributable to the fact that the digital val- 
ues of voltage and phase-shifted current l 90 j incor- 
porate the relative sign and are calculated throughout 
35 the entire cycle of the current and voltage, not merely 
during one quadrant of the waveform, i.e. 90° only, as 
occurs in the case of instruments embraced typically by 
the prior art. Accordingly, it becomes possible to verify 
the sign of the measured reactive power Q 1m and con- 
40 sequently to establish whether the monitored circuit is 
capacitive or inductive. With the sign of the measured 
reactive power Q lm thus known, the control unit 10 will 
consult a compensation table, stored in the memory 8, 
which is compiled by means of mathematical calcula- 
45 tions deriving from known laws of electrical engineering. 
Reading the table, the control unit 10 identifies the 
phase shift At introduced for measurement purposes, 
selects the corresponding compensation factor and ap- 
plies it in multiplication both to the active power value 
50 p 1 and to the measured reactive power value Q 1m , in 
such a way as to obtain the exact values of these sec- 
ondary periodic electrical quantities. 

All the values thus calculated, and if necessary 
compensated, are saved in determined locations of the 
55 memory 8, from where they can be retrieved by the data 
transmission device 11 as frequently as may be required 
without affecting the operation of the instrument 1 in any 
way. The data transmission device 1 1 might be connect- 
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ed to a display on which the various values are read out, 
or to a computer, which will store the data, or indeed to 
any given medium. At all events, the instrument 1 con- 
tinues to operate in the manner prescribed irrespective 
of the particular use to which the data transmission de- 
vice 11 may put the definitive values stored in the mem- 
ory 8. 

Considering the method according to the invention 
again at this point, in the light of the foregoing descrip- 
tion of the relative instrument 1 and its operation, the 
advantages will be clearly evident, namely: a reduction 
in the cost of instruments for the electronic measure- 
ment of periodic electrical quantities, and greater preci- 
sion and repeatability of the measurements effected. 

The fact of applying an arbitrary reference to the op- 
erational amplifier 2 allows the use of an ADC 7 inte- 
grated into the data processing unit 4, since the device 
processes positive values only. This is in no way a lim- 
itation however, since the software used in conjunction 
with the control unit 10 is able, and with absolute preci- 
sion, to compensate the converted digital voltage or cur- 
rent value V d or l d generated by the ADC 7 on the basis 
both of the arbitrary reference applied to the operational 
amplifier 2 and of the offset value calculated for the am- 
plifier. 

The introduction of a known and predetermined 
phase shift between the voltage and the current allows 
the use of one operational amplifier 2 only and of one 
sample-and-hold circuit 6 only, also of just one analog- 
digital converter 7, integrated with and incorporated into 
the data processing unit 4, for the purpose of monitoring 
both voltage and current. 

Likewise in this instance, the software allows full 
knowledge and correction of the error introduced. 

Finally, the adoption of a data processing unit 4 pi- 
loted by appropriate software allows the use of a plural- 
ity of operational amplifiers 2 connected to the switch 5 
of the data processing unit 4, thereby gaining not only 
the economic benefit of replacing a single high-cost am- 
plifier with several standard operational amplifiers, but 
also greater precision inasmuch as any offset built into 
the amplifiers is measured individually and suitably 
compensated. 

Observing figs 5 and 6 in particular, it will be seen 
how a greater number of samples can reproduce current 
and voltage waveforms with a high degree of precision. 
The two graphs of fig 8 show voltage and current wave- 
forms superimposed, the top graph with the current in 
phase, and the bottom graph with the current in quad- 
rature as a result of inducing the phase shift At, to allow 
the calculation of active and reactive power 

As regards conversion errors, these are reduced in 
the method disclosed by a factor proportional to the 
square root of the number of samples. 

The values of the periodic electrical quantities 
measured can be retrieved from the memory 8 via the 
data transmission device 11 using a computer which, 
suitably programmed by software, will be able to per- 



form an exact calculation of the power absorbed by the 
monitored circuit as long as the instrument is on standby 
or activated. 

An instrument 1 as described above, equipped with 
s an additional switch 5, can be used to measure the sin- 
gle phases of a three-phase system, in sequence, sam- 
pling for 100 ms on each phase. If the sine and the co- 
sine of the phase angle between voltage and current are 
known, also the type of connection, it will also be pos- 
io sible to reconstruct any parameter using conventional 
laws of electrical engineering. 

Claims 

15 

1 . A method for the digital electronic measurement of 
periodic electrical quantities in an electronic circuit, 
namely the primary quantities voltage and current 
and secondary quantities such as active and reac- 
tive power and power factor, which utilizes sampling 
and comprises the steps, executed for each suc- 
cessive sample, of sensing the values of voltage at 
a terminal (3) of the electronic circuit and of sensing 
the values of current at a further terminal (3) of the 
electronic circuit, converting the sensed analog 
voltage and current values into digital values, mem- 
orizing the digital values, processing the digital val- 
ues and saving the results of such processing, 
wherein the current value (li) and the voltage value 
(Vi) are sensed one after the other at the terminals 
(3) indroducing a predetermined and preset phase 
shift (At) between the voltage and current values ; 
and either the voltage or the current value is shifted 
90° in relation to the other following the analog-dig- 
ital conversion, to the end of allowing calculation of 
the reactive power of the circuit, by memorizing the 
digital value for a period of time corresponding to 
one quarter of the period of the waveform exhibited 
by the sensed periodic quantity reflecting voltage or 
current, 

characterized in 

the step of sensing voltage and current values 
(Vi, li) being effected by means of an operation- 
al amplifier (2) to which a reference voltage (Vr) 
having a predetermined value is applied such 
that all values monitored by the amplifier are 
positive, 

comprising the further step of calculating the 
mean values of the digital voltage values and 
digital current values for use in the successive 
measuring step as offset values for the opera- 
tional amplifier (2) which are subtracted from 
each corresponding digital voltage value and 
current value in calculating compensated digit- 
al voltage and current values for each sample, 
said respective mean values representing the 
sum of said reference voltage (Vr) and the in- 
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trinsic offset of the operational amplifier. 

2. A method as in claim 1 , wherein calculations of the 
offset values for the operational amplifier (2) and of 
the compensated digital voltage and current values s 
for each sample are performed as 16-bit-opera- 
tions, whereupon the compensated digital values of 
voltage and current are converted to 8-bit plus sign 
numbers prior to their use in the calculation of sec- 
ondary periodic electrical quantities. 10 

3. A method as in claim 1 , wherein the digital current 
values are memorized in a storage device having a 
number of memory locations equivalent to the 
number of samples that can be executed over a pe- 
riod of time corresponding to one quarter of the pe- 
riod of the current waveform, and with the capacity, 
when required, to supply and simultaneously to dis- 
card the digital value memorized first in sequence. 

20 

4. An instrument for effecting the digital electronic 
measurement of periodic electrical quantities in an 
electronic circuit, in accordance with the method of 
preceding claims, comprising : 

at least one operational amplifier (2) with inputs 25 
connected to two terminals (3) of the electronic cir- 
cuit of which the periodic electrical quantities are to 
be measured, and in receipt of a reference voltage 
(Vr) of predetermined value such that the transmit- 
ted output values are entirely positive; a data 30 
processing unit (4) composed at least of a switch 
(5) or similar electronic circuit capable of conveying 
signals from several sources to a single user, con- 
nected to the output of the operational amplifier (2), 
and disposed in sequence thereafter, a sample- 35 
and-hold circuit (6), an analog-digital converter (7), 
a memory (8) or circuit capable of storing data, a 
shift register (9) incorporated into the memory (8), 
and a timer (13) to generate signals at a constant 
and predetermined frequency; also a control unit 40 
(10) integrated with and governing the data 
processing unit (4), which can be programmed by 
software in such a way as to respond, with the in- 
strument (1 ) activated and on receipt of each signal 
generated by the timer (13) by executing measuring 45 
steps, wherein the control unit (10) is adapted to in- 
duce a delay between the conversion of the voltage 
and the current values (Vi, li), and the number of 
memory locations of the shift register (9) can be de- 
fined in such a way that the shift register (9) has the so 
capacity to contain the digital values of one quarter 
of the samples that can be taken during one com- 
plete waveform of the current, and the shift register 
(9) has the capacity to supply and simultaneously 
discard the digital value memorized first in se- 55 
quence, and wherein the control unit (10) executes 
the steps of: 



commanding the shift register (9) to receive a 
maximum number of values equivalent to the 
number of samples acquired in one quarter pe- 
riod of the current waveform; 
connecting the operational amplifier (2) to the 
sample-and-hold circuit (6) and activating the 
analog-digital converter (7) to obtain conver- 
sion of the value of the voltage (Vj) fed to the 
terminals (3) to a digital value ; 
memorizing the digital voltage value in a re- 
spective first location of the memory (8); 
activating the analog-digital converter (7) to ob- 
tain conversion of the value of the current (lj) 
fed to the terminals (3) to a digital value, induc- 
ing a predetermined and preset delay (At) in re- 
lation to the moment of initiating the conversion 
of the corresponding voltage value (Vj); 
memorizing the digital current value in a re- 
spective second location of the memory (8); 
multiplying the digital voltage value by 256 and 
adding the resulting product to the sum of the 
corresponding products stored in a respective 
third location of the memory (8), then saving the 
updated result of the addition in the same third 
location of the memory; 
taking the number obtained by multiplication of 
the digital voltage values by 256, subtracting a 
corresponding offset value for the operational 
amplifier (2) stored previously in a respective 
fourth location of the memory (8) and dividing 
the remainder by 256 so as to obtain a compen- 
sated digital voltage value, then saving this 
same value in a respective fifth location of the 
memory (8); 

multiplying the digital current value by 256 and 
adding the resulting product to the sum of the 
corresponding products stored in a respective 
sixth location of the memory (8), then saving 
the updated result of the addition in the same 
sixth location of the memory; 
taking the number obtained by multiplication of 
the digital current value by 256, subtracting a 
corresponding offset value for the operational 
amplifier (2) stored previously in a respective 
seventh location of the memory (8) and dividing 
the remainder by 256 so as to obtain a compen- 
sated digital current value, then saving this 
same value in a respective eighth location of 
the memory (8); 

memorizing the compensated digital current 
value in the first available position of the shift 
register (9); 

squaring the compensated digital voltage 
value , adding the squared compensated digital 
value to the sum of the previous squared com- 
pensated digital voltage values stored in a ninth 
location of the memory (8), and saving the up- 
dated sum in the same ninth location of the 
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memory; 

squaring the compensated digital current val- 
ue, adding the squared compensated digital 
value to the sum of the previous squared com- 
pensated digital current values stored in a tenth s 
location of the memory (8), and saving the up- 
dated sum in the same tenth location of the 
memory; 

multiplying together the compensated digital 
voltage value and the compensated digital cur- 10 
rent value, adding the product of the multiplica- 
tion to the sum of the corresponding previous 
products stored in a respective eleventh loca- 
tion of the memory (8), and saving the updated 
sum in the same eleventh location of the mem- is 
ory; 

multiplying the compensated digital voltage val- 
ue by the digital current value memorized first 
in the shift register (9), discarding this same 
first-memorized digital current value from the 20 
shift register (9), adding the product of the mul- 
tiplication to the sum of the corresponding pre- 
vious products stored in a respective twelfth lo- 
cation of the memory (8), and saving the updat- 
ed sum in the same twelfth location of the mem- 25 
ory; 

repeating the procedure of sensing the values 
of the voltage (Vj) and the corresponding cur- 
rent (Ij) fed to the terminals (3) and performing 
the above calculations thereon, for a predeter- 30 
mined number of sampling cycles, on receipt in 
each instance of a signal from the timer (13); 
and after completion of the predetermined 
number of sampling cycles 
calculating the root mean square value of the 35 
voltage from the sum of the squares of compen- 
sated digital voltage values stored in the ninth 
location of the memory (8) and saving the re- 
sulting value in a respective thirteenth location 
of the memory (8); 40 
calculating the root mean square value of the 
current from the sum of the squares of compen- 
sated digital current values stored in the tenth 
location of the memory (8) and saving the re- 5. 
suiting value in a respective fourteenth location 4$ 
of the memory (8); 

calculating the value of active power which 
equals the sum of the products obtained by 
multiplication of the compensated digital volt- 
age value and the compensated digital current so 
values, stored in the eleventh location of the 
memory (8), divided by the number of sampling 
cycles and saving the value in a respective fif- 
teenth location of the memory (8); 6. 
calculating the value of apparent power which ss 
is equal to the product obtained when multiply- 
ing the root mean square value of voltage by 
the root mean square value of current calculat- 



ed previously, and saving the value in a respec- 
tive sixteenth location of the memory (8); 
calculating the value of reactive power which 
equals the square root of the difference be- 
tween the squares of apparent power and ac- 
tive power caculated previously, and saving the 
value in a respective seventeenth location of 
the memory (8); 

calculating measured reactive power which 
equals the sum of the products given by multi- 
plying the compensated digital voltage values 
and the compensated digital phase-shifted cur- 
rent values, stored in the twelfth location of the 
memory (8), divided by the number of sampling 
cycles and saving the resulting value in a re- 
spective eighteenth location of the memory (8); 
calculating power factor which equals the ratio 
between the values of active power and appar- 
ent power calculated previously and saving the 
resulting value in a respective nineteenth loca- 
tion of the memory (8); 

calculating the voltage offset value for the op- 
erational amplifier (2), which is equal to the 
mean value of the digital voltage values multip- 
ied by 256 stored in the third location of the 
memory (8) and saving the resulting value in 
the fourth location of the memory (8); 
calculating the current offset value for the op- 
erational amplifier (2), which is equal to the 
mean value of the digital current values multip- 
ied by 256 stored in the sixth location of the 
memory (8) and saving the resulting value in 
the seventh location of the memory (8); 
wherein the respective mean values represent 
the sum of the reference voltage (Vr) and the 
intrinsic offset of the operational amplifier (2); 
compensating the values of active power and 
measured reactive power calculated previously 
on the basis of the error generated by the delay 
(At) separating the acquisition of the values of 
voltage and current (V v Ij) fed to the terminals 
(3) of the monitored circuit. 

An instrument as in claim 4, wherein the control unit 
(10) is programmed to compensate the values of 
active power and measured reactive power by mul- 
tiplying each value with a corresponding compen- 
sation factor retrievable from a table of values, 
stored in the memory (8), which are computed on 
the basis of the delay (At) separating acquisition of 
the values of the voltage ( ) and the corresponding 
current (Ij) fed to the terminals (3). 

An instrument as in claim 4, comprising a plurality 
of operational amplifiers (2), each with a rated gain 
different to that of the other amplifiers and connect- 
ed electrically to one respective input of the switch 
(5), wherein the switch (5) is piloted automatically 
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and independently by the control unit (1 0) in such a 
way as to activate the connection between one of 
the operational amplifiers (2) and the sample-and- 
hold circuit (6) on the basis of the value of the signal 
measured during the previous sampling cycle and 5 
of the rated gain of the respective operational am- 
plifier (2). 

7. An instrument as claim 6, wherein the plurality of 
operational amplifiers (2) are comprised in one mul- 10 
tiple operational amplifer. 

8. An instrument as in claim 4, wherein the sampling 
operations are repeated by the control unit (10) cy- 
clically over periods of time predetermined as mul- *s 
tiples of the period characterizing the periodic quan- 
tity to be measured, the period of the measured 
quantity being the time taken by that quantity to re- 
turn to a regularly recurring value, in such a manner 
that each predetermined period of time will com- 20 
pass a whole number of waveforms of the periodic 
quantity to be measured, whilst the frequency of the 
signals generated by the timer (1 3) is such that the 
number of signals generated during each of the pre- 
determined periods of time will be divisible both by 25 
four and by the whole number of waveforms of the 
monitored periodic quantity contained in each of the 
predetermined periods of time. 

9. An instrument as in the preceding claim, for the so 
measurement of periodic electrical quantities in a. 

c. circuits of 50 Hz or 60 Hz frequency, wherein the 
sampling operations are repeated by the control 
unit (10) cyclically for periods of 100 ms duration 
and signals are generated by the timer, ( 1 3) at a fre- 35 
quency of 2400 Hz in such a way that the control 
unit (10) will execute up to 240 sampling cycles in 
each period of 100 ms. 

10. An instrument as in claim 4, wherein the delay (At) to 
generated by the control unit (10) is equivalent to 
the sum of the time needed by the analog-digital 
converter (7) to convert the analog voltage value 
(Vj) registering at the terminals (3) of the monitored 
circuit, and the time taken by the control unit (1 0) to 45 
execute a predetermined and constantly repeated 
number of operations. 

Patentanspruche so 

1 . Verfahren zur digitalen elektronischen Messung pe- 
riodischer elektrischer Grossen in einem elektroni- 
schen Kreis, namentlich die Primargrdssen Span- 
nung und Strom sowie die Sekundargrdssen wie 55 
aktive und reaktive Leistung und Leistungsfaktor, 
welches die Mustererfassung anwendet und die bei 
jedem aufeinanderfolgenden Muster auszufOhren- 



den Schritte des Erfassens der Spannungswerte an 
einem Ende (3) des elektronischen Kreises und des 
Erfassens der Stromwerte an einem weiteren Ende 
(3) des elektronischen Kreises, wobei die erfaftten 
analogen Spannungs- und Stromwerte in digitale 
Werte umgewandelt, die digitalen Werte gespei- 
chert, die digitalen Werte verarbeitet und die Ergeb- 
nisse solcher Verarbeitung sichergestellt werden, 
wobei der Stromwert (li) und der Spannungswert 
(Vi) einer nach dem anderen an den Enden (3) er- 
fasst werden, und zwar unter Eingabe einer be- 
stimmten und voreingestellten Phasenverschie- 
bung (At); und wobei entweder die Spannung zwi- 
schen den Spannungs- und Stromwerten oder der 
Stromwert im Verhaltnis zu den anderen um 90° 
verschoben sind und der analog-digitalen Um- 
wandlung folgen, so dass eine Berechnung der re- 
aktiven Leistung des Kreises erlaubt ist, und zwar 
durch Speicherung des digitalen Wertes fur eine be- 
stimmte Zeitspanne, die einem Viertel der Wellen- 
form entspricht, welche von der erfaGten und die 
Spannung oder den Strom wiedergebenden peri- 
odischen Grosse aufgewiesen wird, dadurch ge- 
kennzelchnet, 

dass der Schritt des Erfassens von Span- 
nungs- und Stromwerten (Vi, li) mit Hilfe eines 
Rechenverstarkers (2) durchgefuhrt wird, an 
welchen eine Bezugsspannung (Vr) mit einem 
bestimmten Wert angeschlossen ist, so dass 
alle Werte, die durch den Verstarker uberwacht 
werden, positiv sind; 

dass der weitere Schritt der Berechnung der 
Durchschnittswerte der digitalen Spannungs- 
werte und der digitalen Stromwerte enthalten 
ist, die in den nachfolgenden MeBschritten als 
Offsetwerte fur den Rechenverstarker (2) be- 
nutzt werden, und welche von einem jeden ent- 
sprechenden digitalen Spannungswert sowie 
Stromwert bei der Berechnung der angegliche- 
nen digitalen Spannungs- und Stromwerte fur 
jedes Muster abgezogen werden; 
wobei die genannten entsprechenden Durch- 
schnittswerte die Summe der genannten Be- 
zugsspannung (Vr) und der eigentlichen Ver- 
schiebung des Rechenverstarkers darstellen. 

2. Verfahren nach Patentanspruch 1 , bei welchem die 
Berechnung der Offsetwerte fur den Rechenver- 
starker (2) sowie der angeglichenen digitalen Span- 
nungs- und Stromwerte als Funktionen mit 16 bit 
ausgefuhrt werden, woraufhin die angeglichenen 
digitalen Spannungs- und Stromwerte noch vorde- 
ren Verwendung zur Berechnung der periodischen 
elektrischen Sekundargrdssen in Zahlen von 8 bit 
plus Zeichen umgewandelt werden. 

3. Verfahren nach Patentanspruch 1 , bei welchem die 
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digitalen Stromwerte in einer Speichervorrichtung 
gespeichert werden, welche eine Anzahl von Spei- 
cherplatzen aufweist, die gleich der Anzahl von Mu- 
stern sind, die wahrend einer Zeitspanne entspre- 
chend einem Viertel der Periode einer Stromwellen- 5 
form ausgefuhrt werden konnen, und zwar mit der 
Moglichkeit, wenn erforderlich, den zuvor in Rei- 
henfolge gespeicherten digitalen Wert zu liefern 
und gleichzeitig zu entladen. 

10 

4. Instrument zur Verwirklichung der digitalen elektro- 
nischen Messung periodischer elektrischer Gros- 
sen in einem elektronischen Kreis in Ubereinstim- 
mung mit dem Verfahren der vorstehenden Patent- 
anspruche, enthaltend: J 5 

wenigstens einen Rechenverstarker (2) mit an 
zwei Enden (3) des elektronischen Kreises an- 
geschlossenen Eingangen, von welchen En- 
den die periodischen elektrischen Grossen ge- 20 
messen werden sollen, und der eine Bezugs- 
spannung (Vr) von einem bestimmten Wert 
empfangt, so dass die ubertragenen Aus- 
gangswerte vollkommen positiv sind; 
eine Datenverarbeitungseinheit (4), bestehend 25 
aus wenigstens einem Schalter (5) Oder ahnli- 
chem elektronischen Kreis, in der Lage, Signa- 
le, die von mehreren Quellen kommen, an ei- 
nen einzigen Verbraucher zu leiten, ange- 
schlossen an den Ausgang des Rechenver- 30 
starkers (2), sowie in Aufeinanderfolge ange- 
ordnet einen Muster- und Haltekreis (6), einen 
analog-digitalen Umwandler (7), einen Spei- 
cher (8) oder Kreis mit der Moglichkeit der Spei- 
cherung von Daten, ein Verschieberegister (9), 35 
das in dem Speicher (8) eingeschlossen ist, so- 
wie einen Zeitgeber (1 3) zur Erzeugung von Si- 
gnalen mit einer gleichbleibenden und be- 
stimmten Frequenz; ebenfalls eine Steuerein- 
heit (10), tntegriert in die Datenverbeitungsein- 40 
heit (4) und von dieser verwaltet, mit welcher 
durch Software auf solche Weise programmiert 
werden kann, dass sie mit dem aktivierten In- 
strument (1) und bei Empfang eines jeden 
durch den Zeitgeber (13) erzeugten Signals 4$ 
dem Ausfuhren der MeGschritte entspricht, bei 
welcher die Steuereinheit (10) geeignet ist, ei- 
ne Verzogerung zwischen der Umwandlung 
der Spannungs- und Stromwerte (Vi, li) einzu- 
geben, und bei welcher die Anzahl der Spei- so 
cherplatze des Verschieberegisters (9) auf sol- 
che Weise festgelegt werden kann, dass das 
Verschieberegister (9) in der Lage ist, die digi- 
talen Werte eines Viertels des Musters zu hal- 
ten, das wahrend einer kompletten Wellenform 55 
des Stromes erfasst werden kann, und bei wel- 
cher das Verschieberegister (9) die Moglichkeit 
hat, den zuvor in Reihenfolge gespeicherten di- 



gitalen Wert zu liefern und gleichzeitig zu ent- 
laden, und bei welcher die Steuereinheit (10) 
die folgenden Schritte ausfuhrt: 

Steuerung des Verschieberegisters (9) 
zwecks Aufnahme einer maximalen An- 
zahl von Werten entsprechend der Anzahl 
von ubernommenen Mustern in einer Vier- 
telperiode der Stromwellenform; 
Verbindung des Rechenverstarkers (2) mit 
dem Muster- und Haltekreis (6) und Akti- 
vierung des analog-digitalen Umwandlers 
(7), urn die Umwandlung des an den Enden 
(3) gelieferten Spannungswertes (Vi) in ei- 
nen Digitalwert zu erhalten; 
Speicherung des digitalen Spannungswer- 
tes in einem entsprechenden ersten Platz 
des Speichers (8); 

Aktivierung des analog-digitalen Umwand- 
lers (7), urn die Umwandlung des an den 
Enden (3) gelieferten Stromwertes (li) in ei- 
nen Digitalwert zu erhalten, wobei eine be- 
stimmte und voreingestellte Verzogerung 
(At) im Verhaltnis zu dem Augenblick des 
Beginns der Umwandlung des entspre- 
chenden Spannunsgwertes (Vi) eingege- 
ben wird; 

Speicherung des digitalen Stromwertes in 
einem entsprechenden zweiten Platz des 
Speichers (8); 

Multiplikation des digitalen Spannungs- 
wertes mit 256 und Addition des erhalte- 
nen Produktes mit der Summe der jeweili- 
gen in einem entsprechenden dritten Platz 
des Speichers (8) gespeicherten Produkte 
sowie die Sicherstellung der auf den neue- 
sten Stand gebrachten Ergebnisse der Ad- 
dition in dem gleichen dritten Platz des 
Speichers; 

Subtraktion von der durch die Multiplikati- 
on des digitalen Spannungswertes mit 256 
erhaltenen Zahl eines entsprechenden 
Offsetwertes fur den Rechenverstarker (2), 
welcher vorher in einem entsprechenden 
vierten Platz des Speichers (8) gespeichert 
worden ist, und Division des Ergebnisses 
durch 256, urn einen kompensierten digita- 
len Spannungswertzu erhalten unddiesen 
selben Wert dann in einem entsprechen- 
den funften Platz des Speichers (8) zu 
speichern; 

Multiplikation des digitalen Stromwertes 
mit 256 und Addition des daraus sich erge- 
benden Produktes mit der Summe der ent- 
sprechenden Produkte, die in einem ent- 
sprechenden sechsten Platz des Spei- 
chers (8) gesammelt sind, sowie die Si- 
cherstellung des erneuerten Ergebnisses 
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der Addition in dem gleichen sechsten 
Platz des Speichers; 

Subtraktion von der durch die Multiplikati- 
on des digitalen Stromwertes mit 256 er- 
haltenen Zahl eines entsprechenden Off- 5 
setwertes fur den Rechenverstarker (2), 
welcher vorher in einem entsprechenden 
siebten Platz des Speichers (8) gespei- 
chert worden ist, und Division des Ergeb- 
nisses durch 256, um einen kompensierten 10 
digitalen Stromwert zu erhalten und diesen 
selben Wert dann in einem entsprechen- 
den achten Platz des Speichers (8) zu 
speichern; 

Speicherung des kompensierten digitalen 
Stromwertes in der ersten verfOgbaren Po- 
sition des Verschieberegisters; 
Erhebung zum Quadrat des kompensier- 
ten digitalen Spannungswertes, Addition 
des zum Quadrat erhobenen kompensier- 20 
ten digitalen Wertes zu der Summe der zu- 
vor zum Quadrat erhobenen kompensier- 
ten digitalen Spannungswerte, die in ei- 
nem neunten Platz des Speichers (8) ge- 
speichert sind, und Sicherstellung der auf 2$ 
den neuesten Stand gebrachten Summe in 
dem gleichen neunten Platz des Spei- 
chers; 

Erhebung zum Quadrat des kompensier- 
ten digitalen Stromwertes, Addition des 30 
zum Quadrat erhobenen kompensierten 
digitalen Wertes zu der Summe der zuvor 
zum Quadrat erhobenen kompensierten 
digitalen Stromwerte, die in einem zehnten 
Platz des Speichers (8) gespeichert sind, 35 
und Sicherstellung der auf den neuesten 
Stand gebrachten Summe in dem gleichen 
zehnten Platz des Speichers; 
Multiplikation des kompensierten digitalen 
Spannungswertes und des kompensierten <o 
digitalen Stromwertes miteinander, Additi- 
on des Produktes dieser Multiplikation mit 
der Summe der entsprechenden vorange- 
gangenen Produkte, die in einem entspre- 
chenden elften Platz des Speichers (8) ge- 45 
speichert sind, und Sicherstellung der auf 
den neuesten Stand gebrachten Summe in 
dem gleichen elften Platz des Speichers; 
Multiplikation des kompensierten digitalen 
Spannungswertes und des zuerst in dem so 
Verschieberegister (9) gespeicherten kom- 
pensierten digitalen Stromwertes mitein- 
ander, Entladung dieses selben zuerst ge- 
speicherten digitalen Stromwertes aus 
dem Verschieberegister (9), Addition des 55 
Produktes der Multiplikation mit d er Sum- 
me der entsprechenden vorangegange- 
nen Produkte, die in einem entsprechen- 



den zwolften Platz des Speichers (8) ge- 
speichert sind, und Sicherstellung der auf 
den neuesten Stand gebrachten Summe in 
dem gleichen zwolften Platz des Spei- 
chers; 

Wiederholung des Verfahrens zum Erfas- 
sen der Werte der Spannung (Vi) und des 
entsprechenden Stromes (li), geliefert an 
die Enden (3), und Durchfuhrung der obi- 
gen Berechnungen daruber fur eine be- 
stimmte Anzahl von Musterzyklen, und 
zwar aufgrund des Empfangs zu jedem 
Moment eines Signals von dem Zeitgeber 
(13) und nach der Vervollstandigung der 
vorbesttmmten Anzahl von Musterzyklen; 
Berechnung des quadratischen Mittelwer- 
tes der Spannung aus der Summe der 
Quadrate aus kompensierten digitalen 
Spannungswerten, gespeichert in dem 
neunten Platz des Speichers (8), sowie Si- 
cherstellung des sich ergebenden Wertes 
in einem entsprechenden dreizehnten 
Platz des Speichers (8); 
Berechnung des quadratischen Mittelwer- 
tes des Stromes aus der Summe der Qua- 
drate aus kompensierten digitalen Strom- 
werten, gespeichert in dem zehnten Platz 
des Speichers (8), sowie Sicherstellung 
des sich ergebenden Wertes in einem ent- 
sprechenden vierzehnten Platz des Spei- 
chers (8); 

Berechnung des Wertes der aktiven Lei- 
stung, welche der in dem elften Platz des 
Speichers (8) gespeicherten Summe der 
Produkte gleichwertig ist, die durch die 
Multiplikation des kompensierten digitalen 
Spannungswertes mit dem kompensierten 
digitalen Stromwert erhalten wurde, geteilt 
durch die Anzahl der Musterzyklen, und Si- 
cherstellung des Wertes in einem entspre- 
chenden funfzehnten Platz des Speichers 
(8); 

Berechnung des Wertes der Scheinlei- 
stung, welche dem erhaltenen Produkt 
gleichwertig ist, wenn der quadratische 
Mittelwert der Spannung mit dem quadra- 
tischen Mittelwert des Stromes, zuvor er- 
rechnet, multipliziert werden, und Sicher- 
stellung des Wertes in einem entsprechen- 
den sechzehnten Platz des Speichers (8); 
Berechnung des Wertes der reaktiven Lei- 
stung, welche der Quadratwurzel der zuvor 
errechneten Differenz zwischen den Qua- 
draten der Scheinleistung und der aktiven 
Leistung gleichwertig ist, und Sicherstel- 
lung des Wertes in einem entsprechenden 
siebzehnten Platz des Speichers (8); 
Berechnung der gemessenen reaktiven 
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Leistung, welche der in dem zwolften Platz 
des Speichers (8) gespeicherten Summe 
der Produkte gleichwertig ist, die durch die 
Multiplikation des kompensierten digitalen 
Spannungswertes mit dem kompensierten s 
digitalen phasenverschobenen Stromwert 
erhalten wurde, geteilt durch die Anzahl 
der Musterzyklen, und Sicherstellung des 
daraus sich ergebenden Wertes in einem 
entsprechenden achtzehnten Platz des 10 
Speichers (8); 

Berechnung des Leistungsfaktors, welcher 
dem zuvor errechneten Verhaltnis zwi- 
schen dem Wert der aktiven Leistung und 
dem Wert der Scheinleistung gleichwertig is 
ist, und Sicherstellung des daraus sich er- 
gebenden Wertes in einem entsprechen- 
den neunzehnten Platz des Speichers (8); 
-' Berechnung des Offsetwertes der Span- 
nung fur den Rechenverstarker (2), wel- 20 
cher dem in dem dritten Platz des Spei- 
chers (8) gespeicherten Durchschnittswert 
der mit 256 multiplizierten digitalen Span- 
nungswerte gleichwertig ist, und Sicher- 
stellung des daraus sich ergebenden Wer- 25 
tes in dem vierten Platz des Speichers (8); 
Berechnung des Offsetwertes der Stromes 
fur den Rechenverstarker (2), welcher dem 
in dem sechsten Platz des Speichers (8) 
gespeicherten Durchschnittswert der mit 30 
256 multiplizierten digitalen Stromwerte 
gleichwertig ist, und Sicherstellung des 
daraus sich ergebenden Wertes in dem 
siebten Platz des Speichers (8); 
worin die entsprechenden Durchschnitts- 35 
werte die Summe der Bezugsspannung 
(Vr) und der Eigenverschiebung des Re- 
chenverstarkers (2) darstellen; 
Kompensation der Werte von aktiver Lei- 
stung und der gemessenen reaktiven Lei- 40 
stung, errechnet vorher aufgrund des 
cjurch die Verzogerung (At) erzeugten Feh- 
lers, welche das Erfassen der Werte von 
Spannung und Strom (V1 , li) trennt, die an 
die Enden (3) des uberwachten Kreises 45 
geliefert werden. 

5. Instrument nach Patentanspruch 4, bei welchem 
die Steuereinheit (10) so programmiert ist, dass sie 
die Werte der aktiven Leistung und der gemesse- so 
nen reaktiven Leistung kompensiert, und zwar 
durch Multiplikation eines jeden Wertes mit einem 
entsprechenden Kompensationsfaktor, der einer 
Tabelle von in den Speicher (8) eingespeicherten 
Werten entnommen werden kann, die auf der Basis ss 
der Verzogerung (At) berechnet wurden, welche 
das Erfassen der Werte der Spannung (V1 ) und des 
entsprechenden Stromes (li) trennt, die an die En- 



den (3) geliefert werden. 

6. Instrument nach Patentanspruch 4, enthaltend eine 
Anzahl von Rechenverstarkern (2), jeder von die- 
sen mit einem anderen Verstarkungsverhaltnis als 
dasderanderen Verstarker und elektrisch an einen 
entsprechenden Eingang des Schalters (5) ange- 
schlossen, wobei der Schalter (5) automatisch und 
unabhangig von der Steuereinheit (10) auf solche 
Weise gesteuert wird, dass er die Verbindung zwi- 
schen einem der Rechenverstarker (2) und dem 
Muster- und Haltekreis (6) aktiviert, und zwar auf 
der Basis des Wertes des wan rend des vorange- 
gangenen Musterzyklus gemessenen Signals und 
des Verstarkunsgverhaltnisses des entsprechen- 
den Rechenverstarkers (2). 

7. Instrument nach Patentanspruch 6, bet welchem ei- 
ne Anzahl von Rechenverstarkern (2) in einem 
Mehrfach-Rechenverstarker enthalten sind. 

8. Instrument nach Patentanspruch 4, bei welchem 
die Bemusterungsvorgange durch die Steuerein- 
heit (10) zyklisch uber Zeitperioden wiederholt wer- 
den, bestimmt als Mehrfaches der Periode, welche 
die zu messende periodische Grosse kennzeich- 
net, wobei die Periode der gemessenen Grosse die 
Zeit ist, die von der Grosse benotigt wird, um wieder 
den regularen Wert anzunehmen, und zwar auf sol- 
che Weise, dass jede bestimmte Zeitperiode eine 
ganze Zahl von Wellenformen der zu messenden 
periodischen Grosse umfasst, wahrend die Fre- 
quenz der von dem Zeitgeber (1 3) erzeugten Signa- 
le eine solche ist, dass die Zahl der wahrend einer 
jeden der bestimmten Zeitperioden erzeugten Si- 
gnale sei es durch vier wie auch durch die ganze 
Zahl der Wellenformen der uberwachten periodi- 
schen Grosse teilbar ist, die in jeder der bestimmten 
Zeitperioden enthalten sind. 

9. Instrument nach dem vorstehenden Patentan- 
spruch zum Messen von periodischen elektrischen 
Grossen in Wechselstromkreisen mit einer Fre- 
quenz von 50 Hz Oder 60 Hz, bei welchem die Be- 
musterungsvorgange durch die Steuereinheit (10) 
zyklisch und uber Perioden mit einer Dauer von 1 00 
ms wiederholt und durch den Zeitgeber (1 3) Signale 
mit einer Frequenz von 2400 Hz erzeugt werden, 
und zwar auf solche Weise, dass die Steuereinheit 
(10) in einer jeden Periode von 100 ms bis zu 240 
Musterzyklen ausfuhren kann. 

10. Instrument nach Patentanspruch 4, bei welchem 
die durch die Steuereinheit (10) erzeugte Verzoge- 
rung (At) gleichwertig ist mit der Summe der Zeit, 
die von dem analog-digitalen Umwandler (7) beno- 
tigt wird, den an den Enden (3) des uberwachten 
Kreises erfaBten analogen Spannungswert (Vi) um- 
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zuwandeln, undvon derSteuereinheit(IO), umeine 
bestimmte und sich standig wiederholende Zahl 
von Vorgangen auszufuhren. 



Revendications 

1. Une methode pour la mesure electronique digitals 
de quantites eiectriques periodiques et instrument 
pour rSaliser ladite methode, a savoir les quantites 
primaires de tension et de courant et les quantites 
secondaires telles que la puissance active et reac- 
tive et le facteurde puissance, qui utilise un 6chan- 
tillonnage et comprend, pour chaque echantillon 
successif, les phases de detection des valeurs de 
tension au niveau d'une borne (3) du circuit electro- 
nique et de detection des valeurs de courant au ni- 
veau d'une autre borne (3) du circuit electronique, 
convertissant les valeurs de tension et de courant 
analogiques relevSes en des valeurs digitales, m6- 
morisant les valeurs digitales, traitant les valeurs di- 
gitales et sauvegardant les resultats de ce traite- 
ment, dans laquelle la valeur de courant (li) et la 
valeur de tension (Vi) sont relevees Tune apres 
I'autre au niveau des bornes (3) introduisant un d6- 
phasage preetabli et pr6-programme (At) entre les 
valeurs de tension et de courant ; et la valeur de 
tension ou la valeur de courant est decaiee de 90° 
par rapport a I'une ou I'autre valeur suivant la con- 
version analogique-digitale, afin de permettre le 
catcul de la puissance reactive du circuit, en memo- 
risant la valeur digitate pendant une periods de 
temps correspondant a un quart de la periode de 
forme d'onde presentee par la quantity periodique 
relevee refietant la tension et le courant, 
caracteris6e en ce que 

la phase de detection des valeurs de tension et 
de courant (Vi, li) est effectude au moyen d'un 
amplificateur operationnel (2) auquel une ten- 
sion de rSterence (Vr) ayant une valeur preeta- 
blie est appliqu6e de facon a ce que toutes les 
valeurs contr6l6es par I'amplificateur soient po- 
sitives, 

elle comprend I'autre phase de calcul des va- 
leurs moyennes des valeurs digitales de ten- 
sion et des valeurs digitales de courant desti- 
nees a etre utilises dans la phase de mesure 
successive comme valeurs de decalage pour 
I'amplificateur operationnel (2) qui sont sous- 
traites de chaque valeur digitale de tension et 
de chaque valeur de courant correspondante 
dans le calcul des valeurs digitales compen- 
sees de tension et de courant pour chaque 
echantillon, 

lesdites valeurs moyennes respectives repre- 
sented la somme de ladite tension de referen- 
ce (Vr) et de la tension de decalage intrinseque 



de I'amplificateur operationnel. 

2. Une methode selon la revendication 1 , dans laquel- 
le les calculs des valeurs de decalage pour I'ampli- 

s ficateur operationnel (2) et des valeurs digitales 
compensees de tension et de courant pour chaque 
6chantillon sont eff ectu6s comme des operations a 
16 bits, puis les valeurs digitales compensees de 
tension et de courant sont converties en nombres 

JO & 8 bits plus signe avant leur utilisation dans le cal- 
cul des quantites eiectriques periodiques secondai- 
res. 

3. Une methode selon la revendication 1 , dans laquel- 
is le les valeurs digitales de courant sont memorisees 

dans un dispositif de stockage ayant un nombre 
d'emplacements de memoirs equivalent au nombre 
des echantillons pouvant etre executes sur une p6- 
riode de temps correspondant a un quart de la p6- 
20 riode de forme d'onde du courant, et avec la capa- 
cite, si besoin est, de fourntr et d'abandonner en 
mdme temps la valeur digitale memorisee en pre- 
mier dans le temps. 

25 4. Un instrument pour effectuer la mesure electroni- 
que digitale de quantites eiectriques periodiques 
dans un circuit electronique, selon la methode fai- 
sant I'objet des revendications pr6c6dentes, 
comprenant : 

30 

au moins un amplificateur operationnel (2) avec 
les entries relives a deux bornes (3) du circuit 
electronique dont les quantites eiectriques pe- 
riodiques doivent etre mesurees, et recevant 

35 une tension de reference (Vr) de valeur preeta- 

blie de facon a ce que les valeurs de sortie 
transmises soient entierement positives ; une 
unite de traitement des donnees (4) compre- 
nant au moins un interrupteur (5) ou un circuit 
electronique similaire pouvant transporter des 
signaux depuis plusieurs sources vers un utili- 
sateur unitaire, reli6 en sortie a I'amplificateur 
operationnel (2), et, disposes dans I'ordre der- 
riere ce m§me interrupteur, un 6chantillonneur- 

45 bloqueur (6), un convertisseur analogique-digi- 

tal (7), une memoire (8) ou un circuit pouvant 
stocker des donnees, un registre a decalage (9) 
incorpor6 dans la memoire (8), et une horloge 
(13) destin6e a g6n6rer des signaux suivant 

50 une frequence constante et preetablie ; egale- 

ment une unite de commande (10) integree a 
I'unite de traitement des donnees (4) et g6rant 
cette derniere, qui peut Stre programmee par 
I'intermediaire d'un logiciel de facon a r6pon- 

55 dre, avec I'instrument (1) active et a reception 

de chaque signal g6n6r6 par I'horloge (13), en 
executant des phases de mesure, dans lequel 
I'unite de commande (10) est concue de facon 



15 



29 



EP 0 660 120 B1 



30 



a induire un retard entre la conversion des va- 
leurs de tension et de courant (Vi, li), et le nom- 
bre d'emplacements de memoire du registre a 
d6calage (9) peut etre d6fini de facon a ce que 
ce meme registre a decalage (9) puisse conte- s 
nir les valeurs digitales d'un quart des echan- 
tillons pouvant etre executes pendant une for- 
me d'onde complete du courant, et de facon a 
ce que le registre a decalage (9) puisse fournir 
et abandonner en meme temps la valeur digi- 10 
tale m6moris6e en premier dans le temps, et 
dans lequel I'unite de commande (1 0) peut ex6- 
cuter les phases suivantes, c'est-a-dire : 

gerer le registre a decalage (9) pour rece- 
voir un nombre de valeurs maximum equi- 
valent au nombre d'echantillons acquis 
pendant une p6riode de temps correspon- 
dent a un quart de la periode de forme d'on- 
de du courant ; 20 
connecter I'amplificateur opeVationnel (2) a 
rechantillonneur-bioqueur (6) et activer le 
convertisseur analogique-digital (7) pour 
obtenir la conversion de la valeur de la ten- 
sion (Vi) fournie aux bornes (3) en une va- 2s 
leur digitale ; 

memoriser la valeur digitale de tension 
dans un premier emplacement respectif de 
la memoire (8) ; 

activer le convertisseur analogique-digital 30 
(7) pour obtenir la conversion de la valeur 
du courant (li) fourni aux bornes (3) en une 
valeur digitale, induisant un retard preeta- 
bli et pre-programme (At) par rapport a 
I'instant ou la conversion de la valeur de 35 
tension (Vi) correspondante commence ; 
m6moriser la valeur digitale de courant 
dans un deuxieme emplacement respectif 
de la memoire (8) ; 

multiplier la valeur digitale de tension par 40 
256 et additionner le produit obtenu a la 
somme des produits correspondants stoc- 
ked dans un troisieme emplacement res- 
pectif de la memoire (8), puis sauvegarder 
, le resultat mis a jour de I'addition dans ce 45 
meme troisieme emplacement de la 
memoire ; 

considerer le nombre obtenu en multipliant 
la valeur digitale de tension par 256, sous- 
traire une valeur de decalage correspon- so 
dante pour I'amplificateur op6rationnel (2) 
precedemment stocked dans un quatrieme 
emplacement respectif de la memoire (8) 
et diviser le resultat obtenu par 256 de fa- 
con a obtenir une valeur digitale compen- ss 
see de tension, puis sauvegarder cette m§- 
me valeur dans un cinquieme emplace- 
ment respectif de la memoire (8) ; 



multiplier la valeur digitale de courant par 
256 et additionner le produit obtenu a la 
somme des produits correspondants stoc- 
ked dans un sixieme emplacement respec- 
tif de la m6moire (8), puis sauvegarder le 
resultat mis a jour de I'addition dans ce mS- 
me sixieme emplacement de la memoire ; 
considerer le nombre obtenu en multipliant 
la valeur digitale de courant par 256, sous- 
traire une valeur de decalage correspon- 
dante pour ramplificateur operationnel (2) 
pr6c6demment stockee dans un septieme 
emplacement respectif de la memoire (8) 
et diviser le resultat obtenu par 256 de fa- 
con a obtenir une valeur digitale compen- 
see de courant, puis sauvegarder cette 
meme valeur dans un huitieme emplace- 
ment respectif de la memoire (8) ; 
mdmoriser la valeur digitale compensee de 
courant dans la premiere position disponi- 
ble du registre a decalage (9) ; 
Clever au carre la valeur digitale compen- 
see de tension, additionner la valeur digi- 
tale compensee eievee au carre a la som- 
me des pr6cedentes valeurs digitales com- 
pensees de tension etevees au carre" stoc- 
ked dans un neuvieme emplacement de la 
memoire (8), et sauvegarder la somme mi- 
se a jour dans ce meme neuvieme empla- 
cement de la memoire ; 
eiever au carr6 la valeur digitale compen- 
see de courant, additionner la valeur digi- 
tale compensee eievee au carre a la som- 
me des precedentes valeu rs digitales com- 
pensees de courant elevens au carre stoc- 
ked dans un dixieme emplacement de la 
memoire (8), et sauvegarder la somme mi- 
se a jour dans ce meme dixieme emplace- 
ment de la m6moire ; 
multiplier la valeur digitale compensee de 
tension par la valeur digitale compensee 
de courant, additionner le produit ainsi ob- 
tenu par multiplication a la somme des pro- 
duits precedents correspondants stock6e 
dans un onzieme emplacement respectif 
de la memoire (8), et sauvegarder la som- 
me mise a jour dans ce meme onzieme em- 
placement de la m6moire ; 
multiplier la valeur digitale compensee de 
tension par la valeur digitale de courant 
memoris6e en premier dans le registre a 
decalage (9), abandonner depuis le regis- 
tre a decalage (9) cette meme valeur digi- 
tale de courant m6moris6e en premier, ad- 
ditionner le produit de la multiplication a la 
somme des produits precedents corres- 
pondants stockee dans un douzieme em- 
placement respectif de la memoire (8), et 



16 



31 



EP 0 660 120 B1 



32 



sauvegarder la somme mise a jour dans ce 
meme douzieme emplacement de la 
memoire ; 

repeter la procedure de detection des va- 
leurs de la tension (Vi) et du courant cor- s 
respondant (li) fournies aux bornes (3) et 
executer les calculs susmentionnes, pour 
un nombre preetabli de cycles d'echan- 
tillonnage, a reception a chaque instant 
d'un signal g6n6r6 par l'horloge(13) ; et J0 
une fois le nombre preetabli de cycles 
d'echantillonnage execute ; 
calculer fa valeur efficace de la tension a 
partir de la somme des carres des valeurs 
digitales compensees de tension stockee '5 
dans te neuvieme emplacement de la me- 
moire (8) et sauvegarder la valeur obtenue 
dans un treizieme emplacement respectif 
de la memoire (8) ; 

calculer la valeur efficace du courant a par- 20 
tir de la somme des carres des valeurs di- 
gitales compensees de courant stocked 
dans le dixieme emplacement de la me- 
moire (8) et sauvegarder la valeur obtenue 
dans un quatorzieme emplacement res- 25 
pectif de la memoire (8) ; 
calculer la valeur de la puissance active qui 
est egale a la somme des produits obtenus 
en multipliant les valeurs digitales compen- 
sees de tension et les valeurs digitales 30 
compensees de courant, stockee dans le 
onzieme emplacement de la memoire (8), 
divisde par le nombre de cycles d'echan- 
tillonnage, et sauvegarder la valeur obte- 
nue dans un quinzieme emplacement res- 35 
pectif de la memoire (8) ; 
calculer la valeur de la puissance apparen- 
te qui est egale au produit obtenu en mul- 5. 
tipliant la valeur efficace de la tension par 
la valeur efficace du courant precedem- 40 
ment calcule, et sauvegarder la valeur 
dans un seizieme emplacement respectif 
de la memoire (8) ; 

calculer la valeur de la puissance reactive 
qui est egale a la valeur efficace de la dif- 4S 
f6rence entre les carres de la puissance 
apparente et de la puissance active prece- 
demment calculee, et sauvegarder la va- 
leur dans un dix-septieme emplacement 6. 
respectif de la memoire (8) ; so 
calculer la puissance reactive mesuree qui 
est 6gale a la somme des produits obtenus 
en multipliant les valeurs digitales compen- 
sees de tension et les valeurs digitales 
compensees dephasees de courant, stoc- ss 
k6e dans le douzieme emplacement de la 
memoire (8), divisee par le nombre de cy- 
cles d'echantillonnage, et sauvegarder la 



valeur obtenue dans un dix-huitieme em- 
placement respectif de la memoire (8) ; 
calculer le facteur de puissance qui est 
egal au rapport entre les valeurs de la puis- 
sance active et de la puissance apparente 
precedemment calculees et sauvegarder 
la valeur obtenue dans un dix-neuvieme 
emplacement respectif de la memoire (8) ; 
calculer la valeur de decalage de la tension 
pour I'amplificateur opSrationnel (2), qui 
est £gale a la valeur moyenne des valeurs 
digitales de tension multipliees par 256 
stockee dans le troisieme emplacement de 
la memoire (8) et sauvegarder la valeur ob- 
tenue dans le quatrieme emplacement de 
la memoire (8) ; 

calculer la valeur de decalage du courant 
pour l'amplificateur op6rationnel (2), qui 
est egale a la valeur moyenne des valeurs 
digitales de courant multipliees par 256 
stockee dans le sixieme emplacement de 
la memoire (8) et sauvegarder la valeur ob- 
tenue dans le septteme emplacement de la 
memoire (8) ; 

dans lequel les valeurs moyennes respec- 
tives represented la somme de la tension 
de reference (Vr) avec la tension de deca- 
lage intrinseque de l'amplificateur opera- 
tionnel (2) ; 

compenser les valeurs de pu issance active 
et de puissance reactive mesur6e prece- 
demment calculees en fonction de I'erreur 
g6n6r6e par le retard (At) qui s6pare I'ac- 
quisition des valeurs de tension et de cou- 
rant (V1 , li) fournies aux bornes (3) du cir- 
cuit contrdie. 

Un instrument selon la revendication 4, dans lequel 
I'unite de commande (10) est programmee pour 
compenser les valeurs de puissance active et de 
puissance reactive mesuree en multipliant chaque 
valeur par un facteur de compensation correspon- 
dent pouvant etre r6cuper6 a partir d'une table de 
valeurs, stockee dans la m6moire (8), qui sont cal- 
culees en fonction du retard (At) separant I'acquisi- 
tion des valeurs de la tension (V1 ) et du courant cor- 
respondent (li) fournies aux bornes (3). 

Un instrument selon la revendication 4, comprenant 
une pluralite d'amplificateurs operationnels (2), pre- 
sentant chacun un gain nominal different de celui 
des autres amplificateurs et connecte chacun a une 
entree respective de I'interrupteur (5), dans lequel 
I'interrupteur (5) est pilote de facon automatique et 
independante par I'unite de commande (10) de ma- 
niere a activer la connexion entre Tun des amplifi- 
cateurs operationnels (2) et rechantillonneur-blo- 
queur (6) en fonction de la valeur du signal mesure 
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pendant le cycle d'echantillonnage precedent et du 
gain nominal de Pamplificateur op6rationnel respec- 
tif (2). 

7. Un instrument selon la revendication 6, dans lequel s 
la plurality des amplificateurs opSrationnels (2) est 
rdunie dans un seul amplificateur op6rationnel mul- 
tiple. 

8. Un instrument selon la revendication 4, dans lequel 10 
les operations d'echantillonnage sont r6pet6es, de 
facon cyclique, par ['unite" de commande (10) sur 
des p6riodes de temps pre-definies comme des 
multiples de la p6riode caracterisant la quantite p6- 
riodique a mesurer, la periode de la quantite" mesu- is 
r6e correspondant au temps mis par cette quantity 
pour retourner a une valeur requirement peViodi- 
que, de maniere a ce que chaque pSriode de temps 
pre-definie contienne un nombre entier de formes 
d'onde de la quantite" periodique a mesurer, tandis 20 
que la frequence des signaux generis par I'horloge 
(13) est telle que le nombre de signaux g6n6r6s 
pendant chaque periode de temps pr6-definie pour- 

ra etre divise* soit par quatre soit par le nombre en- 
tier de formes d'onde de la quantit6 periodique con- 25 
trolee contenu dans chacune des periodes de 
temps pre-d6finies. 

9. Un instrument selon la revendication pr6c6dente, 
pour la mesure de quantites 6lectriques p6riodi- 30 
ques dans des circuits c.a. de frequence 50 Hz ou 

60 Hz, dans lequel les operations d'echantillonnage 
sont r6p6t6es, de facon cyclique, par I'unite" de com- 
mande (10) pour des periodes de 100 ms et des 
signaux sont g6n£r6s par I'horloge (13) a une fr6- 35 
quence de 2 400 Hz de maniere a ce que I'unite' de 
commande (10) execute jusqu'a 240 cycles 
d'echantillonnage pendant chaque periode de 100 
ms. 

40 

10. Un instrument selon la revendication 4, dans lequel 
le retard (At) g£n6r6 par I'unit6 de commande (10) 
6quivaut a la somme du temps mis par le conver- 
tisseur analogique-digital (7) pour convertir la va- 
leur analogique de tension (VI) enregistrSe au ni- 
veau des bornes (3) du circuit contrdle\ et du temps 
mis par I'unite de commande (10) pour exScuter un 
nombre d'op6rations prSetabli et r6p6te de facon 
constante. 
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FIG 4 
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FIG 8 
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